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We report on the new polycrystalline exchange bias system MnN/CoFe, which shows exchange bias
of up to 1800 Oe at room temperature with a coercive field around 600 Oe. The room temperature
values of the interfacial exchange energy and the effective uniaxial anisotropy are estimated to
be Jeff = 0.41 mJ/m
2 and Keff = 37 kJ /m
3. The thermal stability was found to be tunable by
controlling the nitrogen content of the MnN. The maximum blocking temperature exceeds 325◦C,
however the median blocking temperature in the limit of thick MnN is 160◦C. Good oxidation
stability through self-passivation was observed, enabling the use of MnN in lithographically defined
microstructures. As a proof-of-principle we demonstrate a simple GMR stack exchange biased
with MnN, which shows clear separation between parallel and antiparallel magnetic states. These
properties come along with a surprisingly simple manufacturing process for the MnN films.
I. INTRODUCTION
Spinelectronics is becoming an increasingly important
technology for the realization of nonvolatile, fast, low-
power computer memory and is already well-established
in hard disk drive read heads and magnetic sensors.1,2
The key component in spinelectronic devices, a mag-
netoresistive element using either the giant magnetore-
sistance (GMR) or tunnel magnetoresistance (TMR), is
comprised of two magnetic films: a free sense-layer and
a fixed reference layer. The ferromagnetic free layer is
free to follow external magnetic fields or can be switched
by a current via the spin transfer torque. The reference
layer has to be stable against external fields to allow for
different magnetic alignments of the two layers, which
give rise to the magnetoresistance. Usually the refer-
ence layer is made by pinning a thin ferromagnetic film
(FM) to an antiferromagnetic film (AFM). The exchange
bias3–9 (EB) associated with this pinning shifts the mag-
netic hysteresis of the reference layer to fields that are
not encountered during normal device operation. The
antiferromagnet has to meet a number of criteria to be
suitable for integration into such stacks: (1) Tempera-
ture stability: the temperature at which the exchange
bias of the AFM/FM stack vanishes (the so-called block-
ing temperature) has to be significantly larger than the
device operation temperature. (2) Exchange bias and
coercive fields: the exchange bias field has to be signifi-
cantly larger than the coercive field to allow for a clear
separation of the parallel and antiparallel magnetic states
of the GMR or TMR stack. (3) Ease of manufacturing:
processing with industry-standard magnetron sputtering
onto Si wafers is desired, hence polycrystalline systems
have to meet the above criteria. High annealing temper-
atures above 300◦C and deposition at elevated temper-
ature should also be avoided for integration with semi-
conductor technology. For lithographic processing, the
material needs to be sufficiently stable against oxidation.
(4) Environmental safety and price: for large-scale appli-
cation the price of the material will play a crucial role.
Also, use of unsafe or otherwise critical materials should
be avoided. (5) For current-in-plane GMR devices, the
AFM has to be highly resistive, in order not to short-cut
the active GMR stack.
The criteria 1 to 3 are mostly met by the commonly
used antiferromagnets PtMn and IrMn,10–12 although
PtMn requires high temperature annealing to form the
antiferromagnetic phase. However, criterion 4 is obvi-
ously violated: Pt and Ir are rare, expensive, and mining
for them causes considerable environmental pollution.13
Thus, alternatives to these noble-metal based systems
are needed. Other antiferromagnets, such as FeMn and
NiMn have poor corrosion resistance or the ratio of ex-
change bias and coercive fields is not ideal for many
applications.10
In the present article we report on a new exchange
bias system that is based on the antiferromagnet MnN. It
crystallizes in the θ-phase of the Mn-N phase diagram,14
which has the tetragonal face-centered variant of the
NaCl structure with a = 4.256 A˚ and c = 4.189 A˚ at room
temperature (RT), where the precise numbers depend on
the N content in the material. With increasing nitrogen
content, larger lattice constants are observed.15–17
The Ne´el temperature of MnN is about 660 K;17
the magnetic transition is accompanied by a
tetragonal-to-cubic structural transformation caused by
magnetostriction.15 The magnetic order of the material
was investigated with neutron powder diffraction17,18
and by first principles calculations.19 It was found to be
collinear of AFM-I type, i.e. with the magnetic moments
coupled parallel within the c-planes and alternating
along the c-direction. The spin orientation is under
debate; Leineweber et al. found it to be along the c-
direction just below the Ne´el temperature, while it would
tilt slightly away from the c-axis at lower temperature.17
Instead, Suzuki et al. found the spin direction to be in
the c-planes.18 An important difference between these
experiments lies in the preparation procedures, that
led to a slightly nitrogen-poor θ-MnN in the first case,
while the θ-MnN was saturated in the second case,
which is also reflected by the larger lattice constants
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2in the latter case. We therefore propose that the data
measured by Suzuki et al. reflect the intrinsic properties
of the stoichiometric θ-MnN phase. In both cases, the
Mn magnetic moments were found to be 3.3µB at room
temperature.
II. EXPERIMENTAL PROCEDURE
To investigate the suitability of MnN as an antiferro-
magnet for exchange bias applications, we prepared film
stacks of Ta 10 nm / MnN tMnN / Co70Fe30 tCoFe / Ta
0.5 nm / Ta2O5 2 nm on thermally oxidized Si wafers
by (reactive) dc magnetron sputtering at room tempera-
ture. The sputtering system used here was a 2-inch co-
sputtering system with a target-to-substrate distance of
90 mm and an unbalanced magnetron configuration. The
base pressure of the system was around 5·10−9 mbar prior
to the deposition runs. The MnN films were sputtered
from an elemental Mn target in a mixed Ar and N2 atmo-
sphere with various working pressures and partial pres-
sure ratios. Optimization of the deposition parameters
with respect to the exchange bias yielded a 50:50 N2:Ar
mixture at p = 2.3 · 10−3 mbar as the best deposition
condition. This condition was used unless stated other-
wise. The typical deposition rate of MnN was 0.1 nm/s
at a source power of 50 W. Subsequent post annealing
and field cooling in a magnetic field of HFC = 6.5 kOe
was done in a vacuum furnace.
Magnetic characterization of the stacks was per-
formed using the longitudinal magneto-optical Kerr ef-
fect (MOKE) at room temperature. The magnetic field
was applied in the film plane in all measurements. Struc-
tural and film thickness analysis was done with a Philips
X’Pert Pro MPD, which is equipped with a Cu source
and Bragg-Brentano optics. For in-plane measurements
an open Euler cradle and point focus optics were used.
III. RESULTS
A. Crystal Structure
To verify the growth of the θ-phase of MnN we have
performed extensive x-ray diffraction analysis of MnN
films with varying film thicknesses and annealing condi-
tions. In Figure 1 (a) a typical x-ray diffraction spectrum
of the Ta / MnN / CoFe stacks is shown. All peaks are
identified as belonging to the substrate, to the Ta seed
layer, or to the MnN film. The Ta layer has (011) orien-
tation with very small grains with grain size D ≈ 1 nm.
The lattice constant of MnN before annealing is larger
than 4.26 A˚, which is larger than the bulk values reported
in the literature. No other phases are observed, and
the lattice constant is too large to identify the struc-
ture as the cubic ε-Mn4N or the tetragonal η-Mn3N2
phase.20 The mass density obtained from x-ray reflec-
tivity is ρ = (6.1 ± 0.05) g / cm3 (without annealing),
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FIG. 1. (a): X-ray diffraction spectrum of a Ta 10 / MnN 32
film annealed at 300◦C for 15 min. (b): Lattice constants, (c):
full width at half-maximum (FWHM) of the rocking curves
of the (002) peaks, (d): perpendicular grain sizes, and (e):
microstrain of as-deposited and annealed films as functions
of the MnN thickness. (f): Lattice constants as functions
of annealing temperature for two MnN film thicknesses. The
inset shows the lattice constant as a function of the N2 flow in
the sputtering gas. The dashed line in (b) and (f) represents
the lattice constant a from Ref. 16
3which is slightly larger than the expected mass density
of 6.03 g / cm3 assuming a stoichiometric θ-MnN with the
lattice constants given by Suzuki et al.16 This indicates
that the in-plane lattice constants are contracted with
respect to the literature values. By in-plane diffraction
measurements it was found that the lattice constant in
the film plane is a ≈ 4.10 A˚. Thus, the out-of-plane lat-
tice constant is larger than the in-plane constant, at odds
with the usual θ-phase with c/a ≈ 0.984. Here, we find
c/a ≈ 1.04. All peaks observed with in-plane diffraction
are compatible with an fct phase with c/a ≈ 1.04. In
the following, we shall call this phase θ′-MnN, as it is
structurally equivalent to the θ-phase, however it shows
a strong tetragonal distortion along the film growth di-
rection. The observed mass density matches the expected
mass density of stoichiometric θ′-MnN perfectly.
We present results from a film thickness series in Fig-
ure 1 (b)-(e), where films in their as-deposited state and
films after annealing at 325◦C are compared. The per-
pendicular crystallite size and microstrain contributions
to the peak widths were extracted from the (002) and
(004) reflections with the Williamson-Hall equation:21
Bss(θ) cos θ =
kλ
D
+ 4ε sin θ, (1)
where Bss denotes the size-strain contribution to the peak
width after removing the instrumental broadening, k is
the Scherrer constant which we take as k = 0.9, D is
the crystallite size along the film growth direction, and
ε describes the microstrain in terms of a relative lattice
constant variation. As the microstrain is fairly large in
our films, a straightforward evaluation of the peak widths
with Scherrer’s formula leads to an erroneous saturation
of the perpendicular grain size at 12 nm. The microstrain
can be evaluated with small error bar with this method,
however the crystallite size is very sensitive to small er-
rors in the peak width determination, which results in
large relative errors. The integral breadths were used
to determine the peak widths Bss and the instrumental
broadening was determined with a strain-free Si pressed
powder pellet.
We observe that the lattice constant is independent of
the MnN film thickness in the as-deposited state, but af-
ter annealing the lattice constant is much smaller for thin
films, whereas it shrinks only slightly for thicker films.
The rocking curve width is reduced with increasing film
thickness and saturates at about 4.8◦ for tMnN > 30 nm.
For all film thicknesses the rocking curve width is reduced
by about 0.8◦ through annealing at 325◦C for 15 min,
which indicates lateral grain growth and grain bound-
ary crystallization. The Williamson-Hall analysis shows
that the perpendicular grain size is directly proportional
to the film thickness up to tMnN ≈ 30 nm. Annealing
induces further grain growth or defect healing and the
perpendicular grain size matches the film thickness up
to tMnN = 48 nm. For thick films, the annealing reduces
the microstrain of the films, whereas it is increased for
thin films up to tMnN ≈ 15 nm. In both cases it is still
rather large, which indicates a large number of defects in
the films. In conclusion, we obtained θ′-MnN films with
a pronounced (001)-fiber texture.
To further investigate the large change in the lattice
constant of thin MnN films upon annealing, we made an
annealing series with two MnN film thicknesses, the re-
sults of which are shown in Figure 1 (f). For a 32 nm
thick film, the lattice constant shrinks slightly with in-
creasing annealing temperature, where the shrinking sets
in at about 200◦C. The 6 nm thick film shows instead a
phase transition to a structure with much smaller lattice
constant at 300◦C, which we assume to be the ε-Mn4N
phase. We suppose that this phase transition arises from
N diffusion into the Ta seed layer, which would form a
TaNx layer at the interface and passivate at some point.
Thicker MnN films do not show this phase transition be-
cause their N reservoir is much larger, so that not enough
N can diffuse out of the film to form the ε-Mn4N.
The inset in Figure 1 (f) shows that the lattice constant
shrinks with reduced nitrogen flow in the sputtering gas.
This arises from the stuffing of the fct Mn lattice with
N atoms: with decreasing nitrogen content the lattice is
not sufficiently filled and the lattice constant will shrink.
At very low N2 flow we find the ε-Mn4N phase again. In
the following we will focus on N2 flows larger than 40%,
where the lattice constant indicates a θ′-MnN phase with
a small amount of vacancies.
B. Exchange Bias
1. Film Thickness Dependence
In Figure 2 (a) we show a magnetic loop of an op-
timized MnN/CoFe bilayer with tMnN = 32 nm and
tCoFe = 1.6 nm. Our definitions of the exchange bias field
HEB and the coercive field HC are marked with arrows.
The loop shows high exchange bias and a reasonably low
coercive field with a squareness of S = M(HEB)/Msat ≈
0.75. The ferromagnet is almost saturated at zero ex-
ternal field. In the following we discuss the variation of
various stack parameters to identify the optimum depo-
sition and post-annealing conditions for the MnN/CoFe
stacks to maximize the exchange bias field and simulta-
neously minimize the coercive field of the CoFe.
Figures 2 (b) and 2 (c) display the variation of the ex-
change bias field HEB and the coercive field HC with the
film thicknesses tMnN and tCoFe. For the MnN thickness
variation a maximum of HEB was observed at tMnN =
30 nm. For tMnN = 6 nm and 9 nm no exchange bias was
found. Between tMnN = 6 nm and tMnN = 12 nm, the
coercive field rises sharply which can be traced back to
the phase transition to Mn4N at low MnN film thickness
discussed earlier. At tMnN = 12 nm the x-ray diffraction
indicates that the MnN is preserved upon annealing, so
we assume the observed MnN film thickness dependence
of the coercive and exchange bias fields to reflect the in-
trinsic properties of the MnN/CoFe bilayer at and above
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FIG. 2. (a): MOKE loops parallel and perpendicular (in
the sample plane) to the field cooling direction for a sample
with tMnN = 32 nm and tCoFe = 1.6 nm. (b): The depen-
dence of HEB and HC on the MnN thickness, tCoFe = 1.8 nm.
(c): The dependence of HEB and HC on the CoFe thick-
ness, tMnN = 30 nm. The samples were annealed at 325
◦C
for 15 min. Dotted lines are guides to the eye.
tMnN = 12 nm. Notably, the maximum of the exchange
bias is found for significantly larger AFM thickness as
compared to IrMn (7 nm) or PtMn (20 nm).11,12
The CoFe thickness variation, shown in Fig. 2 (c),
has the usual t−1CoFe dependence for CoFe thickness above
1.4 nm. At lower thickness, the exchange bias slightly
deviates from this dependence, but still increases with
decreasing CoFe film thickness. The hyperbolic part al-
lows to determine the effective interfacial exchange en-
ergy within the effective Meiklejohn-Bean model22 Jeff =
tCoFeMCoFeµ0HEB = 0.41 erg/cm
2 = 0.41 mJ /m2 using
the saturation magnetization of MCoFe ≈ 1700 emu/cm3
for our Co70Fe30 composition.
24 This exchange energy is
larger than that of typical IrMn/CoFe stacks and is com-
parable to that of NiMn/NiFe or PtMn/CoFe.10,12 Chem-
ically well ordered Mn3Ir with L12 structure in combina-
tion with CoFe was shown to provide Jeff > 1 erg/cm
2.
However, ordered Mn3Ir requires careful temperature
control during deposition and needs an additional high
temperature annealing.23
Within the effective Meiklejohn-Bean model22 one can
derive the expression Keff = Jeff/t
crit
MnN for the effec-
tive uniaxial anisotropy constant Keff , with the criti-
cal MnN thickness tcritMnN below which no exchange bias
is observed. Evaluating this expression with tcritMnN ≈
11 nm gives Keff = 3.7 · 105 erg/cm3 = 37 kJ /m3 or
1.2
0.8
0.4
0.0
r
o
u
g
h
n
e
s
s
 
(
n
m
)
1.2
1.0
0.8
0.6
0.4
0.2
0.0
m
a
g
n
e
t
i
c
 
f
i
e
l
d
 
(
k
O
e
)
H
EB
H
C
1.0
0.8
0.6
0.4
0.2
0.0
e
M
n
N
 
(
%
)
8x10
-3
642
8
6
4
2
0
F
W
H
M
 
w
 
(
d
e
g
)
8x10
-3
642
sputtering pressure (mbar)
(a) (b)
(c) (d)
FIG. 3. Deposition pressure dependence of (a): exchange
bias and coercive field (tMnN = 30 nm tCoFe = 1.8 nm, anneal-
ing at 325◦C, 15 min). (b): Surface roughness (root mean
square) from x-ray reflectivity, (c): rocking curve FWHM of
the (002) x-ray reflection, and (d): microstrain parameter
εMnN for tMnN = 30 nm without annealing.
Keff ≈ 4.4µeV per Mn atom. This anisotropy value is
nearly three times larger than the anisotropy of FeMn
(Keff = 1.35 · 105 erg/cm3),25 but is slightly smaller
than the anisotropy of NiMn (Keff = 5 · 105 erg/cm3)
and much smaller than the anisotropy of IrMn (Keff =
2 · 106 erg/cm3) at room temperature.26 From the data
cited in Ref. 12 for PtMn one can extract Keff =
Jeff/t
crit
MnN ≈ 6.7 · 105 erg/cm3, which is again somewhat
larger than the anisotropy of MnN.
2. Influence of the Deposition pressure, Annealing
Temperature, and the Nitrogen Content
In Figure 3 (a) we show the dependence of the ex-
change bias and coercive field on the total pressure dur-
ing deposition with the partial pressure ratio kept fixed
at pN2/(pN2 + pAr) = 50%. The coercive field does not
significantly change with the deposition pressure, how-
ever the exchange bias shows a strong, nearly linear de-
crease with the deposition pressure between 2 · 10−3 and
8 · 10−3 mbar. This can be traced back to a deteriora-
tion of the MnN film growth as shown in Figure 3 (b)-
(d). The film roughness increases strongly, and also the
rocking curve width and the microstrain increase to some
extent at high deposition pressure. Remarkably, the lat-
tice constant decreases by only 0.25% (not shown), so the
nitrogen content of the films does not seem to depend on
the deposition pressure.
The exchange bias and coercive fields show a quite
complex dependence on both the annealing temperature
as well as on the nitrogen partial pressure during sput-
tering, see Figure 4. A high nitrogen partial pressure
ratio between 45% and 55% is required to obtain high
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FIG. 4. Annealing temperature dependences of HEB and HC
for different nitrogen partial pressure ratios during the re-
active sputtering of MnN. The total pressure was held at
2.3 · 10−3 mbar. Film thicknesses were tCoFe = 1.8 nm and
tMnN = 32 nm.
exchange bias. In all cases, maximum exchange bias is
observed for annealing temperatures around 300◦C. After
annealing at much higher temperatures the exchange bias
is lost and the coercive field enlarged at the same time.
This may be related to nitrogen diffusion and destruction
of the stack or to a structural or magnetic transition due
to the loss of nitrogen. In favor of the second hypothesis
speaks the fact that the annealing temperature at which
exchange bias is lost increases with increasing nitrogen
content in the films.
A particularly interesting feature of the annealing tem-
perature dependence is the dip around 200◦C, where the
exchange bias almost vanishes. It is present for all nitro-
gen partial pressures. We assume that this dip is related
to an irreversible structural or magnetic transition in the
MnN or at the MnN / CoFe interface. Because of this
complex behavior that is also related to crystal structure
changes as discussed earlier, it is impossible to deter-
mine the blocking temperature of the stack from these
annealing experiments. We investigate the blocking tem-
perature distribution in the next section in detail.
Another remarkable feature of the annealing temper-
ature dependence is the peak of the exchange bias after
annealing of the 55%-N2 sample at 450
◦C. The increase
of the exchange bias already sets in at 400◦C, which is
just above the Ne´el temperature of the MnN. As this
is associated with a structural transition into the cubic
phase, we suggest that after cooling through the transi-
tion in the external field, the MnN will recrystallize in a
state that has enhanced coupling to the CoFe film and
thereby generate a higher exchange bias. Additional ex-
perimental work will be necessary to clarify this.
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FIG. 5. Results from reversed field cooling experiments with
four different MnN thicknesses. (a): Normalized exchange
bias field HEB, (b): unblocked ratio, and (c): derivative of
the unblocked ratio versus reversal temperature. Initial and
reversal fields were 6.5 kOe.
3. Blocking Temperature
To gain a deeper understanding of the film thick-
ness dependence of the exchange bias, we performed re-
versed field cooling experiments10 with different MnN
thicknesses to obtain the blocking temperature distri-
butions as a function of the MnN film thickness. Sam-
ples with tMnN = 15, 21, 32, 48 nm and tCoFe = 1.8 nm
were initially field cooled at 6.5 kOe from 325◦C, their
hysteresis loops were measured, and then successively
field cooled in a reversed field of 6.5 kOe from Trev =
50, 75, . . . , 300, 325◦C with the hysteresis loops mea-
sured between successive field cooling steps.
In Figure 5 we present the results of this procedure.
For easier comparison, we show the exchange bias nor-
malized to the room temperature value in Figure 5 (a).
It is obvious that for thin MnN the blocking tempera-
tures are much smaller than for larger MnN thickness.
At tMnN = 32 nm the blocking temperature distribution
is essentially converged. The zero of this curve marks
the median blocking temperature 〈TB〉 of those antifer-
romagnetic grains that are still blocked at room temper-
ature. Clearly, this value varies strongly with the MnN
film thickness and reaches a maximum of 〈TB〉 = 160◦C
for large MnN thickness. The median blocking tem-
perature is slightly higher compared to FeMn (144◦C),
but lower compared to IrMn (222◦C), PtMn (283◦C), or
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◦C, 15 min).
NiMn (355◦C).10
From the HEB(Trev) dependence we obtain the area
fraction of unblocked grains, the so-called unblocked ratio
UBR(Trev) as
UBR(Trev) = 100% ·
[
HEB(RT)−HEB(Trev)
2HEB(RT)
]
, (2)
which represents the cumulative distribution function of
the blocking temperature (see Figure 5 (b)). This quan-
tity is only meaningful for the two films with large MnN
thickness, because it refers to the ratio of grains that are
unblocked at Trev with respect to the number of grains
that are still blocked at room temperature. The dis-
tributions however suggest that this number is already
small for tMnN = 15, 21 nm and that the average block-
ing temperature is already below room temperature in
these cases.
The blocking temperature distribution is obtained by
taking the derivative ∂UBR(T ) / ∂T , which is shown
in Figure 5 (c). The blocking temperature distribution
shows two maxima, one at around 125◦C and another one
around the initial set temperature of 325◦C or more. This
bimodal distribution is rather unusual for exchange bias
systems10 and its origin is the subject of further studies
we conduct. It may indicate the existence of at least two
different populations of AFM/FM coupled grains with
two different grain size distributions or different antifer-
romagnetic configurations.
C. Applications
If MnN is to be used for practical applications, such as
for exchange biasing of TMR stacks, it has to withstand
the lithography process; in particular, it has to be suffi-
ciently stable against oxidation as to not degrade during
air exposure after ion beam etching. To investigate the
oxidation stability of the compound, we have made an
oxidation study with x-ray reflectometry on a Ta / MnN
film without any capping layer. The XRR shortly after
deposition showed an oxide layer of 1.8 nm, which did not
change significantly after exposing the sample to air for
12 h. Then samples were heated in air (relative humidity
RH = 42% at 24◦C) up to 200◦C for 1 h. The results of
this annealing experiment are shown in Figure 6 (a).
Clearly, temperatures above 100◦C are necessary to
promote the oxidation of the film. We model the oxy-
gen migration into the film as a one-dimensional diffusion
process. Here, we take the measured oxide thickness as
tMnO =
√
〈x2(τ)〉+ t0 =
√
2Dτ + t0
where D = D0 e
−ED/kBT . (3)
Fitting the data with τ = 3600 s gives t0 = 1.8 nm,
D0 = 2.2 · 10−7 m2/s, and ED = 1.23 eV. So, at room
temperature the diffusion coefficient is merely D = 1.57 ·
10−28 m2/s. This appears surprising at a first glance,
since it is well known that Mn compounds oxidize easily
in many cases. To understand the good oxidation stabil-
ity of MnN we have to consider that MnN is a densely
packed structure with the small N atoms residing in the
(nearly) octahedral interstices of the fct Mn lattice, giv-
ing rise to a high density of the material. Evaluating
the Pilling-Bedworth ratio PBR = VMnO/VMnN = 1.16,
we find that it is close to 1, which means that a stable
and only weakly strained, self-passivating oxide layer is
formed on the surface of MnN that protects the bulk ma-
terial from oxidation.27 In summary, we expect MnN to
be well suitable for lithographic processing.
Finally, as a proof-of-principle for integration of MnN
into spintronic devices, we made current-in-plane GMR
spin-valve stacks with Ta 10 / MnN 30 / CoFe tCoFe /
Cu tCu / CoFe tCoFe / Ta 0.5 / Ta2O5 1.0. It is well
known that Cu diffuses strongly at temperatures above
300◦C, which are required to establish a high exchange
bias with MnN. Nevertheless, by varying tCoFe and tCu we
obtained GMR stacks that showed exchange bias up to
850 Oe, clear separation of the parallel and antiparallel
magnetic states or a GMR amplitude up to 6.3%, see
Figure 6 (b). Thus, it is clear that MnN can be used as
an exchange biasing material in spintronic devices.
IV. SUMMARY
We have prepared Ta / MnN / CoFe exchange bias
stacks by reactive magnetron sputtering and optimized
the deposition conditions carefully. From our struc-
tural analysis we infer that a novel phase, θ′-MnN with
c/a ≈ 1.04, was grown with (001)-fiber texture. Our
findings demonstrate that MnN is a useful antiferro-
magnet for exchange biasing in spinelectronic devices.
The MnN/CoFe system has large exchange bias (up to
1800 Oe) at room temperature, reasonably large block-
ing temperature (〈TB〉 = 160◦C) and is cheap in terms of
materials and processing cost.
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